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Abstract 
Evaporative passive cooling systems are considered as interesting technique to address the environmental and energy 
crises. Within this context, the development of new porous materials has attracted a lot of attention recently. The 
utilization of industrial and agricultural waste byproduct will also make this technology more environmentally friendly. 
This article reviews the application of byproduct, industrial wastes materials, and other agricultural residuals as raw 
materials for the preparation of geopolymers. It must also be taken into due consideration that many potential waste and 
residuals have not been extensively studied, and requires extensive investigations. 
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1. Introduction 
The primary global energy demand will increase by almost 33 percent in the period between 2010-2035, 
and it is also projected that energy-related CO2 emissions will increase by  20%,  which adheres to a trajectory 
that is consistent with the rise of global temperature, by about 3.5 °C. Since the building sector account for 
about 40% of the total world’s energy consumption, a lot of effort is made to reduce energy consumption in 
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buildings[1]. The consumption comes in the form of heating, ventilating, and air-conditioning (HVAC) 
systems. Recently, important and significant developments in passive cooling techniques are propelled into 
the limelight. In this context, evaporative cooling is regarded as a passive technique that is not only limited to 
hot and dry regions, but is applicable in temperate and maritime settings as well [2].   
2. Porous materials as passive cooling materials 
There are currently quite a number of materials that are being analyzed for that very purpose. For example, 
ceramics is already under analysis for its perceived potential as a media for both direct and indirect 
evaporative cooling applications [3]. The majority of porous ceramics possesses excellent mechanical 
properties, increased chemical and abrasion resistance, and is thermally stable. It is a well-established fact that 
cooling is controlled by factors such as porosity, configuration, and supply-water pressure. In the cooling 
hierarchy, a high porosity evaporator provides the most cooling, followed by a medium-porosity evaporator, 
while the low-porosity prototype results in almost negligible levels of cooling.  Okada et al determined that 
lotus ceramics demonstrated heightened capillary rise levels (about 1300 mm), which is a value beyond 
conventional porous ceramics [4]. The viability of passive cooling vis-à-vis lotus ceramics is fairly obvious, 
due to the areas surrounded by lotus ceramics being cooler than average [5]. As shown Fig. 1, the PECW is 
equipped with a shaded area that eschews both direct and reflected solar radiation, while its surface can itself 
be cooled via evaporation. 
 
Fig. 1. Schematic description of a passive evaporative cooling wall constructed of a porous material with high water soaking-up ability. 
Geopolymers, regarded as revolutionary within the materials community, has recently been grabbing 
headlines due to their purported potentials. Geopolymers are good candidates at low temperature (<100 °C) 
applications, and their manufacturing emits six times less CO2 compared to standard cements [6]. The 
materials used in geopolymer composition are mainly by-products and industrial wastes, which result in it 
being regarded as more environmentally friendly compared to other porous ceramics. 
3. Application of by product and waste as raw materials 
Geopolymer is usually sourced from coal combustion products, commonly known as fly ash. This is due to 
71 Zeynab Emdadi et al. /  APCBEE Procedia  10 ( 2014 )  69 – 73 
the fact that fly ash contains amorphous alumina silica, and is also readily available in many parts of the world. 
In order to maximize its perceived benefits, technologies should be developed to devise ways that fly ash can 
be of good use. For example, in order to enhance removal efficiencies and adsorption capacities, the fly ash 
would require certain chemical modifications [7, 8]. Xie et al [8]  have employed fly ash, slag and metakaolin 
for the purpose of synthesizing geopolymers. It is projected that the maximum compressive strength of the 
geopolymer could reach 30.79 MPa under optimal loading conditions. Geopolymer matrices were also tested 
using a method known as toxicity characteristics leaching procedure, and the results are indicative of the fact 
that heavy metals can be immobilized and solidified within the matrices. Both of these potential applications 
are heavily influenced by the amount alkali activator and mass ratios of the origin materials. 
Another potential waste material as a raw material for preparation of geopolymer is rice husk, which 
represents the bulk of agricultural residues that is the byproduct of the milling process. These byproducts are 
regarded as a problem as they pose a risk to the environment, as it is readily available almost everywhere, and 
it is also highly resistant to natural degradation [9]. Due to these problems, rice husk ash (RHA) is usually 
dumped en-masse into water streams, which precipitate pollution and contamination. However, this was all 
before it was determined that RHA makes a good constituent as a mineral admixture of concrete [10]. Among 
suitable silica-rich resource (pozzolanic material) are Rice husk–bark ash (RHBA) or rice husk ash (RHA), 
which are solid waste that are generated by biomass power plants that uses rice husk and eucalyptus bark as 
fuel. However, it has not been extensively studied as potential raw materials in geopolymer applications. The 
blending of RHA into concrete structures was determined to have enhanced the compressive strength and 
degraded the water permeability in terms of both chemical and physical properties. Tangchirapat et al, proved 
that the utilization of ground rice husk–bark ash (RHBA) in recycled aggregate concrete enhances 
compressive strength, although an increase in the slump loss of concrete is also duly observed [11]. 
 Nazari et al investigated the utilization of palm oil clinker (POC) particles in the geopolymeric samples. 
They showed that using the POC particles results in a good resistance to water absorption with respect to the 
POC-free specimens at early ages which make them appropriate for  weightless applications [12].  Similarly 
in geopolymer, the addition of gypsum can enhance the degree of geopolymerization [13].  
Ground granulated blast furnace slag (GGBS) is the byproduct of steel plants, and also another potential 
choice as raw materials. The GGBS can be used as an additive during the formation of geopolymers. This 
additive will serve to improve the setting time, microstructure, and compressive strength of the geopolymers 
[13].  
Another potential waste material is the Bagasse ash. Bagasse ash is a by-product from sugar refineries, 
whereas rice husk is a by-product from rice mill. When they are burnt, both bagasse ash and rice husk ash 
contain around 80% of silica, which are mostly in amorphous forms that are suitable for use as a pozzolan 
[14].  
Investigations on natural fibres such as bamboo, sisal, jute and cellulose have revealed desirable effects on 
the mechanical and physical properties of brittle organic and inorganic matrices. Wood fibres have also been 
successfully used in reinforcing geopolymer composites with concomitant enhancement in both mechanical 
and fractural properties [15]. The use of cotton fibres will serve to lower the processing cost, it is also readily 
available and lighter compared to synthetic fibres. However, the geopolymer composites cast with cotton fiber 
in the amount of about 0.7-1% fibers content by weight yielded a weak compressive strength. This might be 
attributed to a greater probability of these fibers balling together and leaving voids in the matrix [16].  Other 
reasons for this weakness may be that the cotton fibers had absorbed too much water, denying the geopolymer 
around the fibres enough water for the initiation of geopolymerisation, which would in turn decreased the 
bonding strength between the fibre and the matrix. However, it is also noted that the impact strength of 
composites decreased in tandem with the increase in fibre content of more than 0.5 wt%. This might be due to 
the formation of fibre agglomerates and voids, as the system’s viscosity is increased via the addition of cotton 
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fibre, which resulted in the decrease of the adhesion strength of the fibre matrix. Bajare et al [17] used the 
local industrial waste and byproducts, such as ashes obtained from burning grasses, glass powder recycled 
from lamp demercuration facility, and calcined clay minerals to prepare geopolymers. Raw materials were 
investigated and treated using calcination and grinding methods to increase their activity. They used mainly 
byproducts and industrial wastes materials in the synthesis of geopolymers. The bottom ashes used in 
geopolymer compositions are extracted from local heating plant furnaces. Wood bottom ashes and barley 
bottom ashes have both been investigated as potential geopolymer compounding materials.  
4. Conclusions and recommendations 
Geopolymers are good candidates for an evaporative cooling system application, since it can be prepared 
using a more environmentally-friendly process at low firing temperatures. Recent achievements in using 
industrial and agricultural waste materials as a secondary raw material for the preparation of geopolymers 
render this research topic all the more interesting. This development could address some environmental and 
energy issues via the reduction of energy consumption, waste management, and reducing global CO2 
emissions, especially in the context of developing countries. Meanwhile, the substitution of industrial and 
agricultural waste materials for the preparation of geopolymers with required properties for passive cooling 
application is a research area that requires more in-depth study.  
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